Introduction
In the last decade, 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors (statins) have become the drug of choice for the treatment of dyslipidemia 1 . Statins have been shown to be especially effective in reducing low-density lipoprotein cholesterol (LDL) and, to a lesser extent, triglyceride levels 2 . Statins' antiinflammatory effects have been proposed not only to reduce cardiovascular disease, but also to help improve other conditions that are not influenced by lipid levels, including rheumatoid arthritis 3 , stroke 4 , graft rejection 5 and infection 6, 7 . Cyclophosphamide (CYP) is a nitrogen mustard alkylating agent that imparts its antineoplastic activity by forming cross links with tumor DNA. It is metabolized in the liver to its active form and eliminated primarily via renal excretion. A small portion of the cyclophosphamide is converted to a metabolite, acrolein, the causative agent responsible for CYP induced hemohrragic cystitis (HC) 8 . Histologically, acrolein imparts a great inflammatory response characterized by subepithelial edema, neutrophil infiltration, hemorrhage and necrosis. Some investigators have demonstrated increases in proinflammatory mediators such as tumor necrosis factor-α (TNF-α), interleukin-1ß (IL-β) and type 2 cyclooxygenase within the bladder epithelium in response to cyclophosphamide therapy 9, 10 . Systemic or intraperitoneal injection of CYP induces a reproducible dose-dependant chemical cystitis in both mice and rats and therefore has been used as an experimental model of cystitis 11 . Although statins are not employed in the treatment of HC, we hypothesized that their use may be useful due to their pleiotropic anti-inflammatory effects 12 . We did not find reports in the literature on the use of statins in clinical and experimental studies involving HC induced by CYP. The aim of this work is to investigate the cholesterol-independent effects of simvastatin in the prevention of HC, ureter and kidney damage induced by CYP and in the expression of plasma pro-inflammatory cytokines.
Methods
Twelve Wistar rats, weighing 185±23g, were housed in polypropylene cages and kept under controlled conditions of temperature in a clear-dark cycle of 12 hours and allowed ad libitum access to food and water. All experimental procedures in animals were conducted according to the code of ethics for animal experimentation of the Council for International Organization of Medical Sciences and the Brazilian Law on the Scientific use of Animals (Law No. 11794). The protocol was approved by the Institutional Research Ethics Committee.
Experimental design and proceduresThe animals were randomly distributed into three groups with six rats each: the cyclophosphamide/saline group (CYP/SAL) and the experimental cyclophosphamide/simvastatin group (CYP/SIMV) and control. All animals were given a single dose of CYP 200mg/kg intraperitoneally (IP). In the CYP/SIMV rats, a microemulsion of simvastatin 10 mg/ kg was administered orally (gavage), during 7 days, prior to the administration of CYP. In CYP/SAL rats, 0.9% saline solution was administered orally for seven days. The control rats did not use CYP neither SIMV. Twenty four hours after treatment with CYP, blood was collected from all animals by cardiac puncture and then the rats were killed with overdose of anesthetic. Through a median laparotomy, the whole bladder, ureter and kidney were removed for macroscopic and microscopic examinations to search for inflammation, congestion and hemorrhage. The blood was treated with EDTA, centrifuged and the plasma separated for determination of interleukine-1b (IL-1β), Interleukine-6 (IL-6) and tumor necrosis factor-α (TNF-α) by ELISA, using kits Peprotec, USA.
Macroscopic examination of bladder
Bladders were examined macroscopically for edema and hemorrhage according to pre-established criteria 13 . Edema was considered severe (3+) when fluid was seen externally and internally in the bladder wall; moderate (2+) when confined to the mucosa; mild (1+) between normal and moderate, and none (0) as normal. Hemorrhage was scored as follows: (3+), intravesical clots; (2+), mucosal hematomas; (1+), telangiectasia or dilatation of the bladder vessels and (0) normal. The scores obtained by the observation of the bladder of each animal were summed up to obtain the total score for each group.
Microscopy of bladder and ureter
Tissues were fixed in 10% formaline, embedded in paraffin, sectioned (5µ) and stained with hematoxylin and eosin. Histological damage was scored on a scale of (0) -normal epithelium, (1)-mild changes involving a decrease in epithelial cells, flattening with submucosal edema, mild hemorrhage and few ulcerations, and (2)-severe changes, including mucosal erosion, inflammatory cell infiltration, fibrin deposition, hemorrhage and multiple ulcerations 13 . The slides were evaluated in a blind fashion.
Microscopic analysis of kidney
The histopathological data (edema, congestion, inflammation, cell degeneration and necrosis) were graded according to the following scale: absent (0), mild (1+), moderate (2+) and severe (3+). The scores obtained by the observation of 3 random microscopic fields of each histological kidney section were summed up to obtain the total score for each group.
Statistical analysis
The results were treated by analysis of variance (ANOVA) followed by the Student t test. The results of the scores for histological evaluation were treated by the non-parametric MannWhitney test. Differences between groups were considered significant when p<0.05.
Results

Macroscopy
After analysis of the quantitative criteria used for the macroscopic evaluation of bladders, we observed that the cumulative amount of scores in the simvastatin treated rats (CYP/ SIMV) was 26, lower than in the CYP/SAL rats (score 48). The bladders of control rats were normal. By using the Mann-Whitney test, the difference was significant (p<0.05).
Histopathology
CYP administration resulted in severe bladder damage, including acute inflammation with vascular congestion, severe edema, hemorrhage, inflammatory cell infiltration in the lamina propria and epithelial denudation. These findings in bladder and ureter resulted in less representative histopathologic scores in rats treated with CYP and simvastatin. The scores are summarized on Table 1 . In kidney the histopathologic findings were not statistically different comparing the CYP/SAL and CYP/SIMV rats (p>0.05). So, the pretreatment with simvastatin ameliorated CYP induced inflammatory changes only in bladder and ureter. No histologic abnormality was observed in the organs of control rats.
Cytokines analysis
All 3 cytokines assayed were detected in the plasma of saline and CYP-treated rats, as well as in controls. TNF-α plasma expression was significantly lower in rats treated with simvastatin (164.8±22 pg/ml) than in rats treated with 0.9% saline (378.5±66 pg/ ml). IL-1β plasma levels showed the most drastic decrease (44.8±8 pg/ml) and were 3-fold lower in CYP/SIMV rats, compared with the (CYP/SAL) group rats (122.9±26 pg/ml). The plasma levels of IL-6 in the CYP/SAL-treated rats (123.6±18) were elevated at least 2.3-fold compared with the CYP/SIMV-treated rats (52.4±13). In control rats the plasma cytokines were significantly less expressive than in the other groups. These data are summarized in Table 2 .
Discussion
Cyclophosphamide (CYP) has remained a mainstay in the treatment of several common malignancies including breast cancer, lymphoma and leukemia. In addition, it has immunosuppression effects in autoimmune disorders such as systemic lupus erythematosis 14 . While patients with these diseases have derived profound clinical benefits, the use of CYP has been associated with severe urological side effects, most notably hemorrhagic cystitis (HC). While continuous bladder irrigation and avoidance of future exposure to CYP can ameliorate the acute issues, the treatment of HC is costly. Clearly prevention of this urological morbidity is the preferred course 15 . CYP is a nitrogen mustard alkylating agent that imparts its antineoplastic activity by forming cross links with tumor DNA. It is metabolized in the liver to its active form and eliminated primarily via renal excretion. A portion of CYP is converted to a metabolite, acrolein, the causative agent responsible for CYP induced HC 16 . Multiple investigators have demonstrated increases in serum proinflammatory mediators such as TNF-a, IL-1b and type 2 cyclooxygenase, which are directly involved in the pathogenesis of cystitis, since individual inhibition of these molecules has been shown to decrease CYP induced bladder damage 9, 10 .
An exogenous mediator of bladder inflammation includes the pharmaceutical use of CYP to treat cancer. The toxic CYP metabolite, acrolein, can accumulate in the bladder to cause acute inflammation and hemorrhagic cystitis 16 . CYP mediates a robust inflammatory response, resulting histologically in subepithelial edema, neutrophil infiltration, hemorrhage and frank tissue destruction. This was observed in the current study since CYP led to higher histological inflammation scores on comparative analysis. Additionally, we observed similar damage in ureter of rats treated with CYP.
Cytokines, including IL-6, have been implicated in the pathophysiology of HC with increased levels identified in patients with HC. Lamale et al. 17 reported that IL-6 levels were increased in patients with HC, compared with controls 17 . Furthermore, Lotz et al. 18 confirmed that the IL-6 high levels in HC have its origin in urothelial cells, since increased levels of this molecular marker were present in spontaneously voided urine but not in urine obtained from urethral washings 18 . Another study confirmed this observed correlation between IL-6 and HC, further establishing an association between IL-6 and symptom severity 19 . In fact, in the current study the expression of TNF-a, IL-1b and IL-6 were high in all the rats treated with CYP, and affected with HC. However, it was significantly lower in simvastatin treated rats than in rats treated with 0.9% saline, meaning that simvastatin exerted a protective effect to the urotelium.
Despite the various options for preventive measures for the occurrence of CH after the use of CYP, such side effect remains without adequate treatment. Some investigators reported a reduction in severe cyclophosphamide HC with the institution of a hyperhydration and forced diuresis regimen 20 . In addition to forced diuresis, have been studied the benefits of administering sodium- . Thus, the results obtained in the current study may represent a new approach for prevention of HC, due to the demonstration of decreased inflammation and urothelial lesions in the animals that made use of simvastatin. Although no literature reports on the use of statins for the prevention and treatment of CH, there is increasing evidence to support the suggestion that simvastatin acts as a powerful antiinflammatory with a wide spectrum of effects [22] [23] [24] . The use of different statins in vivo and in vitro showed a decreased production of chemokines involved in leukocyte migration 25 . It has been also demonstrated that statin decreases the expression of cytokines 26 . Moreover, recent experimental studies have demonstrated the antiinflammatory action of statins in improving the healing of infected wounds in rats 6 , as well as in abdominal sepsis 7 . Furthermore, we suggest that simvastatin supplementation may offer a simple and inexpensive method that can be used in conjunction with CYP therapy to decrease its side effects. Further functional studies may provide important insights and relevant information on the roles of simvastatin in urotelium protection. In conclusion, simvastatin was effective in preventing hemorrhagic cystitis induced by CYP in an experimental model, by decreasing inflammation and urothelial injury.
